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Abstract
Alternaria spp. fungi, characterized by a high tolerance to unfavorable environmental conditions, are one of the threats for 
foods of plant origin. The increasing incidence of diseases caused by a demanding lifestyle, and a higher social awareness of 
the role of a diet in maintaining health and good condition, results in the dynamically growing demand for natural protective 
measures that would be safe for consumers. Ellagitannins, i.e. a group of bio-active polyphenols, may constitute an alterna-
tive for chemical preservatives. Studies demonstrated that the raspberry (Rubus idaeus L.) ellagitannin formula limited the 
growth of Alternaria alternata 0409. The minimal inhibitory concentration (MIC) was determined (0.156 mg/ml), along 
with the minimal fungicidal concentration (MFC) (0.312 mg/ml). The fungistatic (FA) activity and the ratio of linear growth 
(T) were also determined for the ellagitannin formula. A strong antimycotic activity of ellagitannins was demonstrated at the 
formula level of 0.1 mg/ml. Unfortunately, the activity was not maintained over time and after 9 days it was only 16.0%. For 
the ellagitannin formula, concentrations of 0.312 mg/ml (MFC) and 0.5 mg/ml (below the MFC value), a complete arrest of 
growth of Alternaria alternata 0409 was observed, and it was maintained for 9 days. The antimycotic activity of the ellagi-
tannin formula was also confirmed in food environment, with cottage cheese and cherry tomatoes used as the matrix. Results 
confirmed that ellagitannins from raspberry (Rubus idaeus L.) could be successfully used as a natural food preservative.
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Introduction

Strains of fungi belonging to the Alternaria genus are com-
mon in the plant environment. Those fungi naturally occur 
in soil, but also function as plant saprophytes and pathogens. 
Alternaria strains produce over 70 secondary metabolites, 
including numerous mycotoxins. Four mycotoxins produced 
by Alternaria spp. were classified as the most hazardous for 
humans and animals: alternariol (AOH), alternariol mono-
methyl ether (AME), tenuazonic acid (TeA) and tentoxin 

(TEN) [1]. Alternaria strains (A. alternata, A. tenuissima, 
A. arborescens, A. radicina, A. brassicae, A. brassicicola, 
A. infectoria) pollute food of plant origin, including: toma-
toes, apples, grapes, oranges, lemons, tangerines, melons, 
cucumbers, cauliflowers, peppers, cereal grains, oil plants 
grains [2]. Despite the fact that the optimum temperature 
for the growth of Alternaria spp. ranges between 22 and 
30 °C, those fungi are able to develop at minimal tempera-
tures (2.5–6.5 °C), and even in temperatures below the mini-
mum—from 0 to − 5 °C [3, 4]. Additionally, they tolerate 
reduced water activity values very well. Spores of Alternaria 
spp. germinate with a water activity ranging between 0.84 
and 0.995 in the environment, and vegetative forms are able 
to grow even below the water activity of 0.85. A high toler-
ance to unfavorable pH of the environment should be also 
considered. Growth of Alternaria spp. is observed in the pH 
range of 2.5–10.0 [2]. With that high tolerance to unfavora-
ble conditions of the growth environment, and considering 
that food of plant origin may be such an environment, it 
seems necessary to search for effective and consumer-safe 
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preservatives. Natural plant extracts and essential oils which 
contain phytochemicals offer an alternative for chemical pre-
servatives [5].

Raspberry (Rubus idaeus L.) belongs to the Rosaceae 
family. The plant grows wild in Europe and Northern Asia, 
and is cultivated by farmers in many regions of the world [6]. 
Raspberry fruits are valued not only for their taste, but also 
for nutritional and medicinal properties. In many countries 
they are used for wound healing, pain soothing, as a remedy 
for colic, as a diuretic, and also to treat other conditions, 
including diarrhea and kidney diseases [7]. Raspberry fruit 
contains macro-, microelements and vitamins. They are also 
rich in phenolic compounds, such as flavonoids, phenolic 
acids and tannins, including ellagitannins, i.e. the esters of 
hexahydroxydiphenic acid (HHDP) and a monosaccharide, 
mostly β-d-glucose. They may have a form of mono-, oligo-, 
or polymers, containing one, several to over ten glucose mol-
ecules. Ellagitannin monomers contain one glucose mole-
cule with attached residues of HHDP, and sometimes also of 
gallic acid. Oligo- and polymers of ellagitannins are formed 
as a result of polymerization of monomers [8, 9]. The main 
ellagitannins found in raspberries are trimeric lambertianin 
C and dimeric sanguiin H-6 (Fig. 1), with the content in fruit 
up to 300–700 mg/g for each of the compounds [10].

A growing interest in the biological activity of molecules 
present in non-processed food has been observed over the 
recent years. Polyphenols—the group to which ellagitan-
nins are classified—constitute a significant part of those 

compounds. Research on the biological activity of ellagi-
tannins demonstrated that the antibacterial effect was the 
principal type of ellagitannin interaction. Studies completed 
so far demonstrated that ellagitannin-rich berries limit the 
development of Campylobacter jejuni, Helicobacter pylori, 
Bacillus cereus and Clostridium perfringens, and also inhibit 
the development of Staphylococcus aureus and Staphylococ-
cus aureus (MRSA) [11, 12]. Moreover, they demonstrate 
antimicrobial activity against Candida parapsilosis yeasts 
[13] and Alternaria alternata, Fusarium oxysporum, Colle-
totrichum gloeosporioides and Rhizoctonia solani fungi 
[14].

The purpose of the study was to determine the in vitro 
and in situ antimycotic activity of the ellagitannin formula 
from raspberry (Rubus idaeus L.) against Alternaria alter-
nata 0409.

We hypothesize that ellagitannin formula from raspberry 
(Rubus idaeus L.) has antimycotic activity against Alternaria 
alternata 0409. Therefore it may be successfully used as a 
food preservative.

Materials and methods

Plant material

The formula containing 765 mg/g of ellagitannins pro-
duced from raspberry fruit (Rubus idaeus L.) according to 

Fig. 1   Structures of major Rubus idaeus L. ellagitannins: sanguiin H-6 and lambertianin C
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the procedure described previously [15] was used as the 
experiment material. The formula was made of fruit pomace 
after production of juice, in laboratory conditions, from the 
’Polka’ variety raspberries purchased from the Cajdex com-
pany (Łódź, Poland). In short, the extraction of ellagitannins 
was carried out at room temperature for 8 h, using a 60% 
acetone solution, with the pomace to extraction solvent ratio 
of 1:5 (m/v). Acetone was removed from the raw extract 
using a rotating laboratory evaporator. Next, the extract was 
purified on the 90 cm × 1.6 cm chromatographic column 
packed with Amberlite XAD 1600 N (DOW, Midland, MI, 
USA). Ellagitannins were eluted from the column using 
a water and ethanol solution, the concentration of which 
increased from 10 to 60%. Majority of ellagitannins present 
in the raw extract was desorbed from the column when the 
40% ethanol solution was applied to the column. Further-
more, ethanol was removed from the purified extract with 
the use of a rotating laboratory evaporator. The resulting 
extract was freeze-dried (− 36 °C, 24 h; Christ, Alpha 1–2 
LDplus, Osterode am Harz, Germany). The final formula 
was a red powder with a high ellagitannin content.

Determination of polyphenolic compounds 
in the studied formula

Content of individual ellagitannins, total flavanol and total 
anthocyanin content were determined in the formula. The 
qualitative and quantitative analysis of ellagitannins and 
other polyphenols was completed according to the previ-
ously described procedure, using the same research equip-
ment [15]. Briefly, the UHPLC Dionex Ultimate 3000 chro-
matograph (Germering, Germany) with the mass detector Q 
Exactive Orbitrap (Thermo Fisher Scientific, Bremen, Ger-
many) was used for the qualitative analysis of ellagitannins. 
Separation was carried out by the use of Luna C18 250 × 4.6 
i.d., 5 μm column (Phenomenex, Torrance, CA, USA), and 
the following solvents were used: solvent A, 1% (v/v) formic 
acid in water and solvent B, an 80:20 (v/v) acetonitrile:water 
solution. The column temperature was set at 35 °C, the flow 
rate was 1 ml/min, and the injection volume was 20 μl. Chro-
matographic data were collected using Xcalibur software 
(Thermo Fisher Scientific, Waltham, MA, USA). The MS 
source parameters were as follows: negative mode, vaporizer 
temperature 500 °C, ion spray voltage 4 kV, capillary tem-
perature 400 °C, with sheath gas and auxiliary gas flow rates 
being 75 and 20 units, respectively. To generate MS2 data the 
normalized collision energy (NCE) was set to 20 eV in HDC 
collision cell. The identification of researched ellagitannins 
was the same as described in our previous publication [15].

Smartline HPLC chromatograph from Knauer (Berlin, 
Germany) was used for the quantitative analysis. Ella-
gitannins were separated on Gemini C18 110A column 
250 × 4.6 mm i.d., 5 μm (Phenomenex) by gradient elution 

with 0.05% (v/v) phosphoric acid in water (solvent A), and 
83:17 (v/v) acetonitrile:water with 0.05% phosphoric acid 
(solvent B). The column temperature was set to 35 °C, the 
flow rate was 1.25 ml/min, and the gradient program the 
same as described in our previous work [15]. Ellagitannins 
were detected at 250 nm, and standard curves for lambertia-
nin C and sanguiin H-6 were used for quantification.

Minor polyphenols (anthocyanins and flavanols) of stud-
ied formula was quantified using the same protocol given in 
previous publication [15].

Microorganisms

The study involved Alternaria alternata 0409, a strain of 
filamentous fungi deposited with the Collection of Industrial 
Microorganisms of the Institute of Fermentation Technology 
and Microbiology ŁOCK 105, Lodz University of Technol-
ogy (Poland). The strain was stored on YEA slants (Yeast 
Extract Agar, Sigma-Aldrich, Saint Louis, MO, USA) at 
4 °C and activated either on Sabouraud dextrose broth or 
on agar (Merck KGaA, Darmstadt, Germany), as need be.

Inhibition of Alternaria alternata growth 
by ellagitannins

The antifungal properties, minimal inhibitory concentra-
tion (MIC), and minimal fungicidal concentration (MFC) 
of the ellagitannin preparation (REP), was determined by the 
broth dilution method in test tubes. Ellagitannin solutions 
were prepared and diluted in DMSO (50 mg/ml) (Merck). 
Subsequently, 100 µl of diluted ellagitannin solutions were 
added to 4.9 ml of Sabouraud dextrose broth (Merck) con-
taining a suspension of spores at a concentration of 105 
spores/ml, so that the final ellagitannin concentration ranged 
from 0.05 mg/ml to 30 mg/ml. The samples were incubated 
at 30 °C for 96 h. The minimum inhibitory concentration 
was defined as the lowest concentration of the compound 
that inhibited visible growth of the fungus. Subsequently, 
1 ml was collected from the samples with no visible growth 
and plated on Sabouraud dextrose agar. The samples were 
incubated at 30 °C for 72 h. The minimum fungicidal con-
centration was defined as the lowest concentration of the 
compound leading to no fungal growth [13].

Linear growth rate of filamentous Alternaria 
alternata in the presence of ellagitannins

Ellagitannin-induced inhibition of the linear growth rate of 
Alternaria alternata ŁOCK 0409 was studied by means of 
the poisoned medium method [16]. Sabouraud dextrose agar 
(Merck) was supplemented with 0.025 mg/ml, 0.05 mg/ml, 
0.1 mg/ml, 1.0 mg/ml, of REP (the amounts specified refer 
to ellagitannin content). The control was a culture without 
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REP. Tests were done in triplicate. The linear growth rate 
of Alternaria alternata (T) was calculated based on fungal 
growth measurements performed every 24 h according to 
the formula:

where T is the linear growth rate, A is the mean fungal col-
ony diameter in mm, D is the duration of the experiment, 
b1… bn is the colony diameter growth in mm, d1… dn is the 
number of days since the last measurement. The fungistatic 
activity of ellagitannins (FA) against filamentous fungi was 
determined based on fungal growth inhibition calculated 
according to the formula:

where FA is the fungistatic activity in %, K is the mean 
fungal colony diameter on the control plate, A is the mean 
fungal colony diameter on the plate containing ellagitannins. 
The experimental data are expressed as mean values. One-
way analysis of variance (ANOVA, p ≤ 0.05) was applied to 
find differences between the experimental samples and the 
control samples.

Loss of 260 nm‑absorbing material (nucleic acids)

Alternaria alternata was inoculated into Sabouraud dextrose 
broth (Merck) medium and incubated at 30 °C for 72 h. The 
inoculum was prepared by suspending A. alternata conidia 
in PBS buffer pH 7.0. The inoculum density was set at 
5 × 104 conidia/ml. Counting method in Thoma chamber 
was used for inoculum standardization. Then added ella-
gitannin preparation (REP) at 1 × , 2 × and 10 × MIC which 
corresponded 0.156, 0.312 and 1.560 mg/ml. Incubation was 
provide at 30 °C for 48 h. After 0, 8, 18, 24 and 48 h of incu-
bations suspension was centrifuged (5 min at 4000 rpm) and 
the absorbance of the supernatants was measured at 260 nm 
(Spectrophotometer V-VIS T-60 PG Instruments, UK). The 
control sample was the sample prepared in the same way as 
the tested samples without the addition of REP. The study 
was carried out in three independent repetitions. The experi-
mental data are expressed as mean values. One-way analysis 
of variance (ANOVA, p ≤ 0.05) test was applied to find dif-
ferences between the study samples toward control sample.

In situ effect of the raspberry ellagitannin 
preparation

The in situ antagonistic activity of REP against Alternaria 
alternata was determined in cottage cheese (“JOGO” 
Łódzka Spółdzielnia Mleczarska (Dairy Cooperative of 
Lodz), Łódź, Poland) and cherry tomatoes (Solanum lyco-
persicum var. cerasiforme).

(1)T = (A∕D) +
(

b1∕d1
)

+⋯ +
(

b
n
∕d

n

)

(mm/day),

(2)FA = ((K −A)∕K) × 100%,

A 10 g sample of cottage cheese was inoculated with sus-
pension of Alternaria alternata spores, with a density of 
105 spores per 1 ml. The amount of suspension added was 
1% (v/g). Cheese was carefully mixed and divided into two 
parts. Next, the ellagitannin formula at the concentration 
of 0.312 mg/g of cheese was added to one part of cheese 
inoculated with Alternaria alternata spores. Cheese samples 
were stored at 30 °C. Macroscopic observations of cheese 
samples were carried out for 10 days.

Cherry tomatoes (Solanum lycopersicum var. cerasi-
forme) were purchased in the “Bio” products shop. The 
producer declared ecological conditions of culture. Toma-
toes were produced in Spain, AGRO BIO TEST PL-EKO-07 
certification, batch no.: 08/01/2019. Before testing, tomatoes 
were washed under pure and sterile water and wiped dry 
with a piece of sterile tissue. Next, single tomatoes were 
placed in individual, sterile containers. A pure tomato was 
the negative control, while a tomato inoculated by injec-
tion and introduction of 10 µl of Alternaria alternata spore 
suspension, density of 105 spores per 1 ml, was the posi-
tive control. The test sample was a tomato injected with the 
0.312 mg/g ellagitannin formula, and further inoculated 
with Alternaria alternata in the same manner as the posi-
tive sample. Tomatoes were stored in optimal conditions for 
the development of fungi (30 °C) for 7 days. Afterwards, 
macroscopic assessment of the tomato surface was made 
after seven days.

Microscopic analysis

Photomicrographs of Alternaria alternata mycelium were 
acquired with a Nikon Eclipse Ci H600L (Nikon, Tokyo, 
Japan) microscope (total magnification 400×) operated with 
NIS-Elements Advanced Research v. 3.0 software (Nikon). 
At least 20 fields of view of 1 preparation were analyzed. 
The study was carried out in 3 independent repetitions.

Results

Polyphenolic composition of the ellagitannin 
formula

The qualitative characteristics of the obtained ellagitannin 
formula are presented in Table 1. Total content of ellagitan-
nins was 765 mg/g, where, two ellagitannins, namely lam-
bertianin C and sanguiin H-6, were predominant (Fig. 2), 
and their content was 411 mg/g and 280 mg/g, respectively. 
The formula had also the flavanol content at the level of 
69 mg/g and a minor content of anthocyanins (0.7 mg/g), 
responsible for red color of the formula. Total polyphenol 
content in the formula was 835 mg/g. The resulting formula 
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had a similar polyphenolic composition as described in our 
previous publication [15].

Inhibition of Alternaria alternata growth 
by ellagitannins

The obtained ellagitannin formula inhibited the growth 
of Alternaria alternata 0409. Determined MIC and MFC 
values were 0.156 mg/ml and 0.312 mg/ml, respectively 
(Table  2). Those concentrations were higher from the 
applied Nystatin concentration causing inhibition of the 
growth of the analyzed fungus (positive control).

Linear growth rate of filamentous Alternaria 
alternata in the presence of ellagitannins

The fungistatic activity (FA) and the rate of linear growth 
(T) for the ellagitannin formula were determined over the 
range of concentrations: 0.025 mg/ml, 0.05 mg/ml, 0.1 mg/
ml, 0.5 mg/ml and 1.0 mg/ml. No inhibitory activity against 
the growth of Alternaria alternata 0409 was observed for 
the lowest concentration of the ellagitannin formula of 

0.025 mg/ml for 9 days. The FA index fell within in the 
range of values over 19.9% on the day 3 of the action of the 
ellagitannin formula, and under 16.1% on the day 9. The rate 
of linear growth for the concentration of 0.025 mg/ml of the 
ellagitannin formula was 35.0 mm/day for the test sample, 
and 39.1 mm/day for the control (no ellagitannins). Statisti-
cal analysis of the above experimental data demonstrated 
no statistically significant differences (Table 3). Statistically 
significant inhibition of the growth of Alternaria alternata 
0409 by the analyzed ellagitannin formula was observed 
at the level of 0.05 mg/ml (p = 2.85 × 10–8). Depending on 
the duration of the experiment, FA for that concentration of 
ellagitannin formula ranged between 40% after three days 
of incubation, and 42% after 9 days of interaction between 
fungi and ellagitannins. At the ellagitannin formula concen-
tration of 0.05 mg/ml, a reduction in the rate of growth by 
30% compared to the rate of growth of the control sample 
was observed. For the ellagitannin formula concentration 
of 0.1 mg/ml (slightly below the MIC level of 0.156 mg/
ml), a strong fungicidal activity of the analyzed formula was 
observed. FA for the day 3 of the formula action was 98%. 
Unfortunately, the activity was not maintained over time, 
and after 5 days of incubation was 36.5%, and after 9 days 
only 16.0%. The value of the index of linear growth (T) was 
12.0 mm/day, and was statistically different from the index 
of growth of the control sample (37.1 mm/day; p = 8 × 10–6) 
(Table 3). For the ellagitannin formula concentration of 
0.312 mg/ml (MFC) and 0.5 mg/ml (below the MFC value) 
a complete arrest of the growth of Alternaria alternata 

Table 1   LC–MS identification of ellagitannins and phenolics compo-
sition of raspberry ellagitannin formula

n number of repetitions, SD standard deviation

Compound Quantity (mg/g) 
mean ± SD (n = 3)

Sanguiin H-10 isomer 9 ± 1
Lambertianin C without ellagic moiety 14 ± 1
Sanguiin H-10 isomer 7 ± 1
Lambertianin C isomer 44 ± 2
Lambertianin C 411 ± 27
Sanguiin H-6 280 ± 21
Total flavanols 69 ± 2
Total anthocyanins 0.7 ± 0.0

Fig. 2   HPLC chromatogram of ellagitannin formula obtained from raspberries (250 nm)

Table 2   Minimal inhibitory concentration (MICs), and minimal fun-
gicidal concentration (MFC) of ellagitannin extract from raspberries 
against Alternaria alternata 0409

a Positive control

Species MIC (mg/ml) MFC (mg/ml) Nystatina (mg/ml)

Alternaria alter-
nata 0409

0.156 0.312 0.063
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0409 was observed, which was maintained for 9 days of the 
experiment.

Loss of 260 nm‑absorbing material (nucleic acids)

The leaked intracellular substance from the cells of the 
mycelium of A. alternata was determined by measuring 
absorbance at 260 nm (A260). The absorbance measurement 
at this wavelength is used to determine the concentration of 
nucleic acids. REP at concentrations of 0.156 mg/ml (MIC), 
0.312 mg/ml (2 × MIC = MFC) and 1.560 mg/ml (10 × MIC) 
was used as a factor causing loosening of the cell’s exter-
nal structures. In the test using REP concentration equal to 
MIC value, there was no increase in absorbance during the 
experiment (Table 4). The A260 value for these trials varied 
between 1.12 and 1.48 and was comparable to the control. 
After using REP at a concentration of 2 × MIC (MFC), an 
increase of the A260 value was observed (by 1.59 unit) after 
an 8 h incubation; a further increase was observed at subse-
quent measuring points. After 48 h of REP interaction on A. 
alternata mycelium cells, an A260 increase to 4.80 ± 0.255 
(increase by 3.61 units) was found. A similar phenomenon 
was observed when REP at a concentration of 10 × MIC 
was added to A. alternata. After 8 h, the A260 value was 
3.56 ± 0.491, and after 48 h—5.07 ± 0.061. The differences 
between the results obtained for the control sample (without 

REP) and the results for REP 2 × MIC and 10 × MIC are 
statistically significant.

In situ effect of the raspberry ellagitannin formula

The fungicidal activity of the ellagitannin formula was 
tested in the food environment. Cottage cheese was used as 
a matrix. After 10 days of incubation the sample inoculated 
with Alternaria alternata 0409 (no addition of ellagitan-
nins) changed color into yellow (Fig. 3a). Moreover, cheese 
had a distinct, irritating odor. No gross changes nor altered 
fragrance were observed in the cottage cheese sample with 
the ellagitannin formula (Fig. 3b). Cheese storage conditions 
such as 30 °C and the time of 10 days are not recommended 
by the cheese manufacturer. However, using those “extreme” 
storage conditions of the product, a high preservative effi-
cacy of ellagitannins against Alternaria alternata 0409 was 
demonstrated.

For the tests of Alternaria alternata 0409 growth inhibi-
tion on a plant matrix, we used cherry tomatoes (Solanum 
lycopersicum var. cerasiforme). After 7 days of incuba-
tion, deformation of a tomato was observed in the negative 
control, and no macroscopic features of microbial pollu-
tion (Fig. 4a). In the positive control, an intensive growth 
(20.0 ± 1.00 mm) of Alternaria alternata was observed 
on the tomato surface, along with deformation of a single 

Table 3   Fungistatic activity 
(FA) of the ellagitannin extract 
and the index of linear growth 
(T) for Alternaria alternata 
0409

*Statistically significant difference TEllagitannins versus TControl (p = 0.0678)
**Statistically significant difference TEllagitannins versus TControl (p = 2.85 × 10–8)
***Statistically significant difference TEllagitannins versus TControl (p = 8 × 10–6)

Ellagitannins 
(mg/ml)

FA (%) Growth rate 
index
TEllagitannins (mm/
day)

Growth 
rate index
TControl 
(mm/day)

Time (days)

3 5 7 9

0.025 19.9 18.1 17.3 16.1 35.0* 39.1*
0.05 40.0 45.9 46.0 42.0 28.1** 40.2
0.1 98.0 36.5 29.7 16.0 12.0*** 37.1
0.312 100.0 100.0 100.0 100.0 – 38.8
0.5 100.0 100.0 100.0 100.0 – 38.0

Table 4   Leakage of substances 
absorbing at 260 nm from 
A. alternata incubated with 
ellagitannin preparation (REP)

a,b,c Statistically significant differences between the control sample and experimental samples with ellagitan-
nins (p ≤ 0.05)

Ellagitannins 
(mg/ml)

A260

Time (h)

0 8 18 24 48

0.000 1.02 ± 0.072 1.07 ± 0.110a 1.14 ± 0.059a 1.27 ± 0.262a 1.40 ± 0.092a

0.156 1.21 ± 0.065 1.12 ± 0.117a 1.28 ± 0.183a 1.41 ± 0.454a 1.48 ± 0.352a

0.312 1.19 ± 0.011 2.78 ± 0.211b 3.58 ± 0.264b 4.03 ± 0.058b 4.80 ± 0.255b

1.560 1.04 ± 0.038 3.56 ± 0.491c 4.48 ± 0.300c 4.71 ± 0.078c 5.07 ± 0.061b
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fruit (Fig. 4b). When the ellagitannin formula at the con-
centration of 0.312 mg/g was applied before the inocula-
tion with spores, a minor and local development of fungus 
(3.0 ± 0.50 mm) was observed, and the tomato was firm and 
not deformed (Fig. 4c).

As previously, a high efficacy of the raspberry ellagitan-
nin formula (Rubus idaeus L.) was observed in the inhibition 
of growth of Alternaria alternata 0409 on the plant matrix.

Microscopic analysis

Fresh samples were analyzed under a light microscope. 
Septate hyphae and abundant yellow-rusty conidia were 
observed in the control sample (Fig. 5a). In the sample in 

which the 0.156 mg/ml ellagitannin formula (MIC level) 
was added to the growth medium only hyphae were noted, 
with no conidia in any of the analyzed fields of the analyzed 
fresh sample (Fig. 5b). Therefore, the inhibition of spore 
production is one of the mechanisms of antagonistic action 
of the analyzed raspberry formula against Alternaria alter-
nata 0409.

Discussion

A high efficacy of the raspberry ellagitannin formula (Rubus 
idaeus L.) was observed in the inhibition of growth of Alter-
naria alternata 0409. The applied formula contains multiple 

Fig. 3   Samples of cottage 
cheese contaminated with Alter-
naria alternata 0409 spores 
after 10 days of storage at 30 °C 
a without ellagitannins, b with 
the ellagitannin formula at the 
concentration of 0.312 mg/g of 
cheese

Fig. 4   Cherry tomatoes 
(Solanum lycopersicum var. 
cerasiforme) inoculated with 
Alternaria alternata 0409 
after 7 days of incubation 
at 30 °C; a negative control 
(0.0 ± 0.00 mm), b positive 
control (20.0 ± 1.00 mm), 
c test sample with the 
0.312 mg/g ellagitannin formula 
(3.0 ± 0.50 mm)

Fig. 5   Photographs of Alter-
naria alternata 0409 hyphae 
under the light microscope, a 
control, b in the presence of 
the 0.156 mg/ml ellagitannin 
formula
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compounds, with the following dominating bio-active ones: 
Lambertianin C, Sanguiin H-6, H-10 with the total ellagitan-
nin content of 961 mg/g. The complete formula was used 
in experiments, with no fractionation into dominating com-
pounds. Previous studies did not demonstrate a statistically 
significant difference between the antagonistic activity of 
the whole formula and its leading fractions (Lambertianin 
C, Sanguiin H-6) [15]. The MIC value for the ellagitannin 
formula against Alternaria alternata 0409 is 0.156 mg/ml, 
and the MFC value against this microorganism is 0.312 mg/
ml. Zhang et al. [17] studied the inhibition of growth of 
Alternaria alternata on strawberries by benzo-(1,2,3) thi-
adiazole-7-carbothioic acid S-methyl ester (BTH) at the 
concentration of 0.1 mg/ml. Unfortunately, with no suc-
cess. Only the combination of the chemical factor BTH and 
Cryptococcus laurentii bacteria effectively inhibited the 
growth of Alternaria alternata on the PDA medium (in vitro 
conditions). Another team of researchers studied a mixture 
of chitosan and methyl jasmonate (MeJA) as a protective 
measure for cherry tomato fruit against Alternaria alternata. 
Those authors demonstrated that MeJA at the concentration 
of 500 µl/l inhibited the growth of Alternaria alternata by 
50%. On the other hand, a combination of 0.1% chitosan and 
500 µl/l MeJA caused the inhibition of growth of the fungus 
by 56.9%. Moreover, the applied combination of chitosan 
and MeJA inhibited sporulation of Alternaria alternata by 
99.67% [18]. In this study, we observed a similar mecha-
nism of action of the raspberry ellagitannin formula (Rubus 
idaeus L.), consisting in the inhibition of sporulation and 
growth of mycelium. Dutreix et al. [19] studied the fungi-
cidal activity of raspberry extracts against Candida spp., and 
found it effective in the limitation of adhesion properties of 
Candida spp. The following are identified as principal bio-
active compounds of the raspberry extract: sanguiins H5, 
H6, H10 [20], gallic acid derivatives, including: monogalloyl 
glucose and hexahydroxydiphenic (HHDP)-glucose [19, 21, 
22]. According to literature [20] Sanguiin H5, H6 and H10 
inhibit the activity of microbial α-amylase.

Among the known antibacterial mechanisms of tannins 
researchers list the inhibition of catalase activity in bacte-
rial cells (Klebsiella pneumoniae, Staphylococcus aureus, 
S. epidermidis, Pseudomonas aeruginosa, Listeria monocy-
togenes) as a consequence of the accumulation of reactive 
oxygen species (ROS) that impair cellular metabolism and 
cause cellular death [23].

The mechanisms of known chemotherapeutic agents used 
against fungi (polyenes, nystatin, amphotericin B) are based 
on the disruption of structure of cellular membranes and 
the leak of the cellular content [24]. Our research has also 
found that REP at MFC and higher concentration causes 
leakage of genetic material from mycelium cells A. alter-
nata. In the research of Saho et al. leakage of cells content 
of Botrytis cinerea as a result of treatment with a tea tree 

oil has been demonstrated [25]. While, Carvalho et al. [23] 
demonstrated that the mechanism of antagonistic action of 
gallic acid against Candida albicans could be based on inter-
action with ergosterol and tannins binding to that component 
of the cellular wall, and consequently disrupting the integrity 
of external membranes of fungal cells. That mechanism of 
action was confirmed by Campoy and Adrio [24]. Another 
mechanism, described by Ahmad et al. [26] and Li et al. 
[27], involves a possible inhibition of the activity of enzymes 
that are responsible for the synthesis of ergosterol in the 
fungal cell wall. The study by Li et al. [27] demonstrated 
that gallic acid inhibited activity of two enzymes, namely 
sterol 14α-demethylase and squalene epoxidase, which are 
responsible for the synthesis of intracellular ergosterol in 
Tricophytom rubrum.

Conclusion

Our study indicates that the analyzed ellagitannin formula 
may be successfully used as a food preservative. It may be 
used as a natural addition to both processed and non-pro-
cessed food, ensuring effective inhibition of the growth of 
Alternaria alternata. Inhibition of sporulation and increased 
membrane permeability are mechanisms of action of ellagi-
tannin formula on Alternaria alternata. The current study 
may provide some underusing on the mechanisms of inhibi-
tion of growth of filamentous fungi by ellagitannins, includ-
ing Sanguiin H5, H6 and H10, and Lambertianin C. Further 
studies will be carried out to gain a better insight in the 
topic.
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